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Abstract 

To delineate the temporal dynamics between alcohol tax policy changes and related health outcomes, this study examined 
the age, period and cohort effects on alcohol-related mortality in relation to changes in government alcohol policies. We 
used the age-period-cohort modeling to analyze retrospective mortality data over 30 years from 1981 to 2010 in a rapidly 
developed Chinese population. Hong Kong. Alcohol-related mortality from 1) chronic causes, 2) acute causes, 3) all 
(chronic-i-acute) causes and 4) causes 100% attributable to alcohol, as defined according to the Alcohol-Related Disease 
Impact (ARDI) criteria developed by the US Centers for Disease Control and Prevention, were examined. The findings 
illustrated the possible effects of alcohol policy changes on adult alcohol-related mortality. The age-standardized mortality 
trends were generally in decline, with fluctuations that coincided with the timing of the alcohol policy changes. The age- 
period-cohort analyses demonstrated possible temporal dynamics between alcohol policy changes and alcohol-related 
mortality through the period effects, and also generational impact of alcohol policy changes through the cohort effects. 
Based on the illustrated association between the dramatic increase of alcohol imports in the mid-1980s and the increased 
alcohol-related mortality risk of the generations coming of age of majority at that time, attention should be paid to 
generations coming of drinking age during the 2007-2008 duty reduction. 
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introduction 

It has long been shown that government alcohol policies such as 
taxation directly influence the quantity of alcoholic beverages 
imported and sold in a country, which, in turn, correlate strongly 
with population alcohol consumption levels. A meta-analysis 
revealed that a decrease of 10% in prices results in about 5% 
increase in consumption [1], and most studies have demonstrated 
an association between high alcohol consumption and poorer 
health outcomes [2-5]. 

Previous studies have demonstrated the importance of consid- 
ering the three time-related effects of age, period and cohort when 
examining the trends in alcohol consumption [6-10]; however, the 
influence of these effects on the trends of alcohol-related health 
outcomes have been understudied [11,12]. Moreover, less is 
known about the role of these effects in influencing alcohol-related 
health outcomes in a population that is traditionally not known to 
have high alcohol consumption levels. 

Hong Kong has experienced rapid socio-economic transition 
from pre-industrial to post-industrial living conditions over the 
past few decades. In parallel, several important alcohol tax policy 
changes were implemented. Historically known to be a 'duty-free' 
port, imports on alcoholic beverages have been subject to special 
excise taxes since 1909 [13]. Three major alcohol tax policy 
changes have since taken place that significandy influenced the 



quantity of alcoholic beverages imported into Hong Kong. 
Figure 1 illustrates the trend of the total per capita imported 
dollar value (in real term $USD) of alcoholic beverages in relation 
to the alcohol tax policy changes over time in Hong Kong. 
Specifically, the 1 984 tax cut was followed by an increase in total 
per capita imports of alcoholic beverages [13], while the 1994 tax 
increase was followed by a decrease in total per capita imports 
[14]. In order to increase revenues fi-om the hospitality industry, to 
capitalize on greater tourism and to promote Hong Kong as Asia's 
foremost wine hub [15,16], an unprecedented sequential change 
in alcohol tax policy occurred in 2007 and 2008 when alcohol tax 
was reduced and altogether eliminated, respectively. These two 
successive large-scale duty reductions resulted in an exponential 
growth of alcohol imports. Although a recent time-series study 
[17] suggested an association between the 2007 alcohol duty 
reduction and increased cardiovascular mortality in Hong Kong 
from 2001 to 2010, no Chinese studies have ever simultaneously 
modeled the three time-related factors of age, period and cohort, 
which is necessary to delineate the temporal dynamics between 
alcohol tax policy changes and related health outcomes. Given 
that the social drinking trends in the West differ from that 
observed in Hong Kong Chinese society where there is generally 
less heavy drinking [18-20], implications can be particularly 
telling. 
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Figure 1. Total per capita imports of alcoKiolic beverages ($ at current marlcet prices) for Hong Kong population aged 20 or above, 
1961-2010. 

doi:1 0.1 371 /journal.pone.0099906.g001 



Taking advantage of the natural experiment provided by Hong 
Kong's alcoliol policy history, and the fact that Hong Kong has 
had limited commercial production of alcohol locally [21], we 
conducted the first age-period-cohort (APC) model of the alcohol- 
related mortality in any Chinese population to delineate the 
possible impact of age, calendar period and birth cohort on 
alcohol-related health outcomes. In APC models, age is a 
surrogate of the aging process and represents cumulative exposures 
over an individual's life course. Period effects are population-wide 
exposures which affect individuals of all ages during a certain 
period (e.g. historical events, economic downturns and changes in 
government policies) [22]. They demonstrate the most explicit 
influence on alcohol consumption levels [7] . Last, the cohort effect 
is a surrogate of the effects of factors related to the time of birth, 
because the same birth cohorts may have the same exposures at 
various critical periods of their lives [22-24]. Alcohol policy 
changes may have varying effects on different birth cohorts in the 
same underlying population, since it has been shown that younger 
people are more easily influenced by their environment [25]. In 
this study, we hypothesize that the period effect of alcohol-related 
mortality would correlate strongly with changes in imports of 
alcohohc beverages. Also, since the post-1960's Hong Kong birth 
cohorts would be the first to have reached their age of majority 
when mass amounts of alcohol became commercially available in 
the mid-to-late 1980s due to the tax cut in 1984, we thereby 
hypothesize that these individuals would possess an increased 
mortality risk from alcohol-related causes. 



Methods 

Data sources 

The Hong Kong Census and Statistics Department provided 
mid-year population figures and all known (i.e., registered) deaths 
in Hong Kong from 1980 to 2010 by age, sex and cause of death. 
Causes of death were coded using the Ninth Revision of 
International Classification of Diseases (ICD-9) for 1980-2000, 
the ICD-10 for 2001 onwards. 

Outcomes 

Alcohol-related mortality is defined according to the Alcohol- 
Related Disease Impact (ARDI) criteria developed by the US 
Centers for Disease Control and Prevention (CDC) [26], where all 
alcohol-related causes are categorized into chronic and acute 
causes. They are further categorized according to their estimated 
direct and indirect alcohol-attributable fractions. Please refer to 
Table SI and S2 for the respective lists of the chronic and acute 
alcohol-related causes by alcohol-attributable fractions and their 
corresponding ICD-9 and ICD-10 codes. The estimated number 
of deaths attributable to alcohol for each cause was calculated by 
multiplying the actual counts of death for each cause by the 
corresponding alcohol-attributable fraction. 

Specifically, we considered the following types of alcohol-related 
mortality: 1) chronic-cause alcohol-related mortality (chronic- 
ARM), 2) acute-cause alcohol-related mortality (acute-ARM) and 
3) all-cause (chronic and acute) alcohol-related mortality (all- 
ARM). For comparison, we also considered all-cause alcohol- 
related mortality that were 100% attributable to alcohol (100% 
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Figure 2. Age-standardized alcohol-related mortality rates in Hong Kong, 1981-2010, among men (daslied line), women (dotted 
line) and both sexes (solid line) for A) chronic causes, B) acute causes, C) all (chronic and acute) causes, and D) 100% attributable 
causes. 

doi:1 0.1 371/journal.pone.0099906.g002 



attributable-ABM), which is how most other studies in the 
literature defined alcohol-related causes. 

Data analysis 

Mortality rates for the population were expressed per 100 000 
people and directly standardized to the World Standard Popula- 
tion [27]. We used quinquennial age groups (ranging from 20-24 
to 85+ years) over six quinquennial periods (from 1981 to 2010). 
The 19 birth cohorts ranged from 1894 to 1988. 

We applied sex-specific Poisson APC models using maximum 
likelihood method to estimate the relative risks by age, period, and 
cohort, with 95% confidence intervals. Details of the model are 
specified in Note SI. APC models identify broad or macro- 
environmental risk factors that may contribute to changes in 
disease patterns by decomposing mortality rates by age, period 
and cohort effects [28,29]. 



Our approach to dealing with the non-identifiability problem of 
age, period and cohort effects [30] was to adopt the commonly 
used technique of imposing an additional arbitrary reference 
constraint for the period effect [31-35]. In particular, we 
constrained the second and penultimate periods to be reference 
categories [33-35]. Due to the non-identifiability problem, only 
second-order changes (i.e. inflection points in the slope) of age, 
period and cohort effects can be interpreted. We plotted the 
estimates of these three effects to facilitate the visualization of 
second-order changes. Our models used the Akaike Information 
Criterion (AIC) to evaluate tlu; contribution of age, period and 
cohort. A lower AIC indicates a better fitting model, and hence a 
significant change in effect through time for the relevant 
component. All analyses were implemented in R version 2.5.0 
(R Development Core Team, Vienna, Austria). 
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Figure 3. Parameter estimates and 95% confidence intervals of age effect of alcoliol-related mortality among men (left-hand 
panels) and women (right-hand panels) for A) chronic causes, B) acute causes, C) all (chronic and acute) causes, and D) 100% 
attributable causes in Hong Kong, 1976-2010. 

doi:l 0.1 371/journal.pone.0099906.g003 



Results 

Age-standardized mortality rates 

Figure 2 shows the observed age-standardized mortality rates 
for chronic-ARM, acute- ARM, all- ARM from 1981 to 2010 in 
Hong Kong. Trends for lOO'/o attributable-ARM are also shown 
for comparison. For each of these mortality rates, there was a 
decline for both sexes across time. The decline was less marked for 
100% attributable-ARM among females, whose mortality rate had 
remained low throughout the years. Moreover, dramatic increases 
of mortality rates in acute-ARM and 100% attributable-ARM 
were obscr\-cd in mal(;s in 1986-1990 (following the 1984 cut of 
the alcohol duties) and in 2009-2010 (following the eradication of 
the wine and beer duties). The corresponding increase was less 
apparent in chronic-ARM. 

Age, period and cohort effects 

For almost all models, age, period and birth cohort contributed 
to the observed changes in mortality. In general, models including 
all three components fitted best. Figure 3 (Figure 4) shows the 
relative risks by age (period and cohort), from which second-order 
changes have been identified. In general, mortality increased with 
age and decreased with younger birth cohort. 

Age efiTects (Figure 3). All- ARM increased with age. There 
were upward inflections after 30-34 year-old for both sexes. In 
males this was followed by a slight downward inflection after 55- 
59 year-old. Although chronic-ARM increased with age; there was 
a decrease in mortality risk for men after 50-54 year-old and for 
women after 55-59 year-old. Acute-ARM, however, had an 
upward inflection for both sexes after 65-69 year-old. 100% 
attributable-ARM increased with age for both sexes, until the age 
of 55-59 years where there was a downward inflection. 

Period effects (Figure 4) . In terms of period effects for both 
sexes in chronic-ARM and all-ARM, there was a slight upward 
inflection after 1986-1990, a slight downward inflection after 
1996-2000, foUowed by an upward inflection after 2001-2005. 
For acute-ARM, there was an upward inflection around 1986- 
1990 and a downward inflection around 1996-2000 for men, 
whereas for women, the trend was less apparent. For 100% 
attributable-ARM, there was an upward inflection after 1986- 
1990 foUowed by a downward inflection after 1991-1995 for men. 
Due to relatively smaU number of deaths, the confidence intervals 
were wide and the pattern was unapparent for women. 

Cohort effects (Figure 4). In terms of cohort effects, there 
was a downward inflection for both sexes born around the 1910s 
for aU-ARM and chronic-ARM, but not for acute-ARM and 
100% attributable-ARM. For both sexes in acute-ARM and all- 
ARM, there was an upward inflection for both sexes bom around 
the late-1950s to early-1960s, followed by a downward inflection 
around mid-1970s. For chronic-ARM, there was an upward 
inflection around mid-1960s followed by a downward inflection 
around mid-1970s for both sexes, but the upward inflection was 
more apparent for men. For 100% alcohol- attributable mortality, 
the pattern was even more unapparent for both sexes with very 
wide confidence intervals due to relatively smaU number of deaths. 

Discussion 

Our findings fllustrated possible effects of macro-environmental 
events (i.e., alcohol policy changes and major socio-economic 



events) on alcohol-related mortality. The age-standardized mor- 
tality trends were generally in decline, with some apparent 
fluctuations coinciding with the occurrence of alcohol policy 
changes. On the other hand, the APG analyses suggested possible 
temporal dynamics between alcohol policy dianges and alcohol- 
related mortality through the period eflects and generational 
impact through the cohort effects. Moreover, we compared the 
APC results of alcohol-related diseases to other non-alcohol- 
related diseases, which serve as "control" outcomes to identify 
systematic changes. In particular, we respc(ri\('l\- compared 
chronic alcohol-related mortality with lung cancer mortality, and 
acute alcohol-related mortality with respiratory disease mortality, 
as observed in a previous Hong Kong study [33] . No similarities in 
terms of the patterns and changes of slope of the effects were 
observed, implying that the results in the present study were not 
merely reflections of systematic changes. 

Limitations 

We should interpret our findings with caution. First, Since APC 
modeling is an ecological design and is descriptive in nature, we 
can only speculate about the etiologies of the observed changes. 
This is an inherent limitation to the APC modeling. Nevertheless, 
APC models are particularly valuable in generating hypothesis and 
providing insights into the possible etiologic and macro-environ- 
mental factors associated with the temporal variations of the 
disease trend that may otherwise be overlooked. Also, they are 
especially useful in recentiy developing and developed locations, 
where long-term records or cohort studies may be lacking. Second, 
the findings' validity also depends on the quality of the mortality 
and population data. Nonetheless, the majority of deaths in Hong 
Kong have taken place in hospitals, especially since the 1970s, 
fadlitating accurate ascertainment of causes of death. Also, as in 
many developed countries, autopsy rates have declined and some 
misdiagnoses are inevitable [36], but there is no reason to believe 
that such misdiagnoses should be systematic. Although many 
residents born before the 1960s were post-war migrants who may 
lack birth certificates, age misclassifications, if any, should be 
minor and likely be reduced by the quinquennial age grouping in 
the data analyses. 

Temporal impacts of alcohol policy changes 

Impact of 1984 alcohol tax cut. After the 1984 tax cut, 
there was an increase of age-standardized acute-ARM among men 
from 1986 to 1990, which coincided with the surge of alcohol 
imports during the same time period (Figure 1). While the two 
events coincided temporally, it is still uncertain whether this 
increase of mortality over the four-year period was due entirely to 
the tax cut. Other macro-environmental changes, such as 
increased attention by medical professionals and increased overall 
death registration, could also account for the increase in age- 
standardized acute-ARM. Nevertheless, it is difficult to argue why 
attention by medical professionals would fluctuate to a degree to 
macro-environmentally influence the mortality rate of the 
population for four years only but not afterwards. Also, no general 
increase of age-standardized all-cause mortality was observed 
during 1986 to 1990 in Hong Kong [33]. 

On the other hand, the increase was a lot less apparent for 
chronic-ARM, which is reasonable given that it usually takes 
longer time for drinkers to develop and die from chronic causes. 
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Figure 4. Parameter estimates and 95% confidence intervals of period (triangles) and cohort (circles) effects of alcohol-related 
mortality among men (left-hand panels) and women (right-hand panels) for A) chronic causes, B) acute causes, C) all (chronic and 
acute) causes, and D) 100% attributable causes in Hong Kong, 1976-2010. 

doi:l 0.1 371/journal.pone.0099906.g004 



Such increases were even less apparent among women, probably 
because they generally drink less alcohol than men [37,38]. 
However, increase in chronic-ARM also did not happen 20 to 30 
years after the 1984 tax cut. This was plausible because too many 
macro-environmental factors could have contributed to changes of 
the general mortality trend. On the contrary, such long-term 
impact would be more easily detectable in the form of cohort effect 
which can identify changes in the risk of mortality among each 
specific birth cohort who had similar generational exposures. We 
wotdd discuss more on the generational impact of alcohol policy 
changes later in the corresponding section of the Discussion. 

Similar to observ'ations made from the age-standardized 
mortality trend, our period effect showed an upward inflection 
in risk of mortality among men for acute-ARM after 1986—1990, 
following the surge of alcoholic imports during mid-1980s. 
Conversely, no second-order increase was observed for the period 
effect of acute causes among women, possibly be[:ause women 
tended to drink less than men, giving lower numbers of acute 
deaths in general. Moreover, an apparent second-order increase of 
period effect was observed for chronic-ARM and aU-ARM in both 
sexes during late 1 980s. While this increased period effect seems to 
contradict to the generally declining age-standardized mortality 
rate, the slight increase of age-standardized mortality rate during 
late 198()s may imply that chronic-ARM and all- ARM could have 
possibly seen a faster decline if no alcohol policy changes occurred 
in 1984. 

Impact of 1994 alcohol tax increase. Second-order de- 
crease in risk of mortality was universally observed in the period 
effect for chronic, acute and all- ARM for both sexes after 1996- 
2000. The decrease in risk coincided with the decline in imports of 
alcoholic beverages. After the change in taxation policy in 1994, 
imports started to decrease in 199,5, with a tentative recovery in 
1997 possibly linked to the celebration of the handover of Hong 
Kong to China, and continued to decrease afterwards. 

Impact of 2007 and 2008 alcohol tax cuts. The increase in 
imports that happened after the two consecutive tax cuts in 2007 
and 2008 was the greatest ever in Hong Kong's history (Figure 1). 
The increase in age-standardized mortality rate for acute causes 
from 2009 to 2010 among men might be linked to the tax cuts, 
and this parallels the findings of another recent Hong Kong study 
[39] showing that people ever drinking alcohol significandy 
increased and people with lower educational achievement and 
the unemployed are more likely to binge drink after the tax cut. 
Nevertheless, since these tax cuts were only recent events, the 
observed increase might well reflect a natural variability of the 
mortahty trend. A longer series of prospective data is warranted to 
verify the association. 

On the other hand, we observed a second-order increase in the 
period effect among both sexes after 2001-2005 for chronic- 
ARMs and aU-ARMs. It is possible that the two consecutive tax 
cuts contributed to the increased risk of dying from alcohol-related 
chronic causes, and this is consistent with the pattern observed for 
the period effect during late 1980s after the implementation of the 
alcohol tax cut in 1984. The lack of apparent second-order 
increase in risk of acute-ARM among both sexes after 2001-2005 
was probably due to the increased mortality rate linked to the 
Asian financial crisis and SARS epidemic during the early-2000s, 



thus generating no significant second-order increase in the period 
effect after 2001-2005. 

Generational impact of alcohol policy changes 

While changes in alcohol policy had explicit impacts on the risk 
of alcohol-related mortality on a population-wide scale (i.e., period 
effects), they could also adversely affect the health of different 
generations (i.e., cohort effects). There was consistently an upward 
inffection of risk of chronic-ARM, acute-ARM and all-ARM for 
both sexes born around the 1960s. The post- 1960s birth cohorts 
were the first generations in Hong Kong to be exposed to a more 
developed economic environment and significantly increased 
alcohol availability on the market as a restilt of the 1984 alcohol 
policy changes when they first reached their age of majority. Since 
younger people tend to be more easily inffuenced by their 
surroundings [25], and studies have consistendy shown associa- 
tions of early alcohol use with increased risk of alcohol-related 
problems later [40,41] as well as of road traffic accidents for the 
young new-licensed drivers [42,43], extra attentions should be 
paid to the first generations coming of age of majority. In Hong 
Kong's case, this would be for the 1980s cohorts because they 
would be the first generation exposed to the second dramatic 
increase of imports of alcohoUc beverages resulting from the two 
consecutive alcohol tax cuts in 2007 and 2008. 

There was also a consistent second-order decrease of risk of 
chronic-ARM, acute-ARM and all-ARM for both sexes born 
around the 1970s, possibly due to improvements in public health 
interventions (e.g. general improvements in medical technology, 
increasing prevalence of hepatitis B vaccination [44] and more 
stringent driving safety regulations [45]). 

Different definitions of alcohol-related mortality 

The comparison of the findings using the comprehensive 
definition of alcohol-related causes provided by the CDC ARDI 
criteria versus using the more common definition of causes 100% 
attributable to alcohol illustrated the possible underestimated 
overall risk of alcohol if only causes that are obviously attributable 
to alcohol are included. For example, diseases such as chronic 
pancreatitis, liver cirrhosis and liver cancer, were not 100% but 
fractionally attributable to alcohol consumption. As a conse- 
quence, the upward inffection observed around 65-69 years for 
acute-ARM cannot be captured when only causes 100% 
attributable to alcohol were considered. On the contrary, a 
decline in age effect around 55-59 years was observed for 100%- 
attributable ARM, which may create an illusion that risk for 
alcohol-related mortality decreased in older age. 

Another significant difference between the two definitions was 
the absence of an upward inffection in the period effect after 2001- 
2005 for lOO'M) attributable-ARM, but the presence of one using 
the CDC ARDI criteria. Specifically, the impact of policy changes 
in 2007 and 2008 on population health may be underestimated 
when only causes 100% attributable to alcohol were considered. 
This supports the consideration to adopt the comprehensive 
definition of alcohol-related causes which included causes 100% 
attributable and fractionally attributable to alcohol in future 
studies in the field. 
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Conclusion 

This is the first study that showed possible temporal assoeiation 
between Hong Kong's ehanging alcohol policy and alcohol-related 
mortality by age, period and cohort effects. While reductions of 
alcohol duties had explicit population-wide impact on the risk of 
alcohol-related mortality, it could also adversely affect the health 
of generations being exposed to increased alcohol availability on 
the market upon reaching their age of majority. Based on our 
findings, attention should then be paid to generations coming of 
drinking age during the 2007-2008 duty reduction. Our findings 
suggested decreasing alcohol duties may have long-term popula- 
tion-level health harms beyond the acute ones typically associated 
with alcohol consumption. Future studies should follow cohorts 
longitudinally to scrutinize the effects of alcohol consumption on 
mortality risk. 



References 

1 . Wagenaar AC, Salois MJ, Komro KA (2009) Effects of beverage alcohol price 
and tax levels on drinking: a meta-analysis of 1003 estimates from 112 studies. 
Addiction 104(2): 179-190. 

2. Ronksley PE, Brien SE, Turner BJ, MukamaJ KJ, Ghali WA (201 1) Association 
of alcohol consumption with selected cardiovascular disease outcomes: a 
systematic review and meta-analysis. BMJ 342: 671. 

3. Ramstcdt M (2001) Per capita alcohol consumption and liver cirrhosis mortality 
in 14 European countries. Addiction 96:19—33. 

4. KimJH, Lee S, Chan KW, Lau J, Tsang A, et al. (2010) A population-based 
study on the prevalence and correlates of drinking and driving in Hong Kong. 
Accid Anal Prev 42: 994-1002. 

5. Leon DA, Shkolnikov VM, McKee M (2009) Alcohol and Russian mortahty: a 
continuing crisis. Addiction 104: 1630-6. 

6. Kerr WC, Greenfield TK, Ye Y, Bond J, Rehm J (2013) Are the 1976-1985 
birth cohorts heavier drinkers? Age-period-cohort analyses of the National 
Alcohol Surveys 1979-2010. Addiction 108: 1038-48. 

7. Kerr WC, Greenfield TK, Bond J, Ye Y, RhemJ (2004) Age, period and cohort 
influences on beer, wine and spirits consumption trends in the US national 
alcohol surveys. Addiction 999: 1 1 1 1-1 120. 

8. Aristei D, Perali F, Pieroni L (2008) Cohort, age and time elFects in alcohol 
consumption by Italian households: a double-hurdle approach. Empir Econ 35: 
29-61. 

9. Moore AA, Gould R, Reuben DB, Greendale GA, Carter MK, et al. (2005) 
Longitudinal patterns and predictors of alcohol consumption in the United 
States. Am J Pubhc Health 95: 458-65. 

10. Levenson MR, Aldwin CM, Spire A 3rd (1998) Age, Cohort and Period Effects 
on Alcohol Consumption and Problem Drinking: Findings from the Normative 
Aging Study. J Stud Alcohol 59: 712-22. 

1 1 . Rosen M, Haglund B (2006) Trends in alcohol-related mortality in Sweden 
1969-2002: an age -period-cohort analysis. Addiction 101: 835—40. 

12. Corrao G, Ferrari P, Zambon A, Torchio P, Arico S, et al. (1997) Trends of hver 
cirrhosis mortalitv in Europe, 1970-1989: age-period-cohort analysis and 
changing alcohol consumption. Int J Epidemiol 26: 100-9. 

13. Treasury Branch, Financial Services and the Treasury Bureau, Government of 
the Hong Kong Special Administrative Region (2004) Dutv on alcoholic 
beverages: Consultation document. Hong Kong: Government Secretariat. 

14. Hong Kong Government Financial Secretary (2001) Hong Kong Budget Report 
2001-2002. Hong Kong: Government Secretariat. Available; http://www. 
budget.gov.hk/2001/bgtshfhtml. Accessed 2013 Apr 25. 

15. Hong Kong Government Financial Secretary (2007) Hong Kong Budget Report 

2007- 2008. Hong Kong: Government Secretariat. Available: http://www. 
budget.gov.hk/2007/cng/budgel27. htm. Accessed 2013 Apr 25. 

16. Hong Kong ()o\'crnmcnt Financial Secrclarv :2l)()''i 1 long Kong Budget Report 

2008- 2009. Hong Kong: (Government Secretariat. Available: http://www. 
budget. gov.hk/2008/eng/budgct39. html. Accessed 2013 Apr 25. 

17. Pun VC, Lin H, KimJH, Yip BHK, Chung VCH, et al. (2013) Impacts of 
alcohol duty reductions on cardiovascular mortahty among elderly Chinese: a 
10-year time series analysis. J Epidemiol Community Health 67: 514-518. 

18. Chi I, Kitano HH, Lubben JE (1988) Male Chinese drinking behavior in Los 
Angeles. J Stud Alcohol 49:21-5. 

19. Chi I, Lubben JE, Kitano HH (1989) Differences in drinking behavior among 
three Asian-American groups. J Stud Alcohol 50:15-23. 

20. Duff C, Puri AK, Chow C (201 1) Ethno-cultural differences in the use of alcohol 
and other drugs: evidence from the Vancouver youth drug reporting system. 
J Edm Subst Abuse 10:2-23. 



Supporting Information 

Table SI Chronic alcohol-related causes by AAF and 
their corresponding ICD-9 and IGD-10 codes. 

(PDF) 

Table S2 Acute alcohol-related causes by AAF and their 
corresponding IGD-9 and ICD-10 codes. 

(PDF) 

Note SI Technical Appendix of the Poisson age-period- 
cohort model. 

(PDF) 

Author Contributions 

Conceived and designed the experiments: RYC BHKY. Analyzed the data: 
RYC JHK BHKY SYSW SMG. Contributed re agents/materials /analysis 
tools: RYC BHKY. Wrote the paper: RYC JHK BHKY SYSW MGSW 
VGHC SMG. Data and findings interpretations: MGSW VGHC. 



2 1 . Department of Health, Government of the Hong Kong Special Administrative 
Region (20 1 1) Action plan to reduce alcohol-related harm in Hong Kong. Hong 
Kong: Government Logistics Department. 

22. Mason WM, Fienberg SE (1985) Introduction: Beyond the identification 
problem. In: Mason WM, Fienberg, eds. Cohort analysis in social research: 
Beyond the identification problem. New York: Springe r-Verlag. pp.1— 8. 

23. Case RA (1956) Cohort analysis of mortality rates as an historical or narrative 
technique. BrJ Prev Soc Med 10: 159-171. 

24. Case RA (1956) Cohort analysis of cancer mortalitv in England and Wales; 
1911-1954 by site and sex. BrJ Prev Soc Med 10: 172-199.' 

25. Mannheim K (1952) The problem of generations. Essays on the Sociology of 
Knowledge. New York: Oxford University. 

26. US Centers for Disease Control and Prevention. Alcohol and Pubhc Health: 
Alcohol-Related Disease Impact (ARDI). Available: http://apps.nccd.cdc.gov/ 
DACH_ARDI/Info/ICDCodes.aspx. Accessed 2012 Jul 26. 

27. Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJL, Lozano R, et al. (2001) 
Age Standardization of Rates: A New WHO Standard. (GPE Discussion Paper 
no. 31). Geneva: World Health Organization. 

28. Mason WM, Herbert LS (1985) Age-period-cohort analysis and the study of 
deaths from pulmonary tuberculosis. In: Mason WM, Fienberg, eds. Cohort 
analysis in social research: Beyond the identification problem. New York: 
Springer- Verlag. 

29. Collins JJ (1982) The contribution of medical measures to the declines of 
mortality from respiratory tuberculosis: an age-period-cohort model. Demogra- 
phy 19: 409-427. 

30. HoUbrd T (1991) Understanding the effects of age, period and cohort on 
incidence and mortahty rates. Aimu Rev Pubhc Health 12: 425^57. 

31. Tarone RE, Chu KC (1996) Evaluation of birth cohort patterns in population 
disease rates. Am J Epidemiol 143: 85—91. 

32. Shahpar C, Li G (1999) Homicide mortality in the United States, 1935-1994: 
age, period, and cohort effects. AmJ Epidemiol 150: 1213-1222. 

33. Chung RY, Leung GM, CJowlmg BJ, Schooling CM (2012) Patterns of and 
hypotheses for infection-related cancers in a Chinese population with rapid 
economic development. Epidemiol Infect 140: 1904-1919. 

34. Chung RY, Schooling CM, Cowling BJ, Leung GM (2010) How does 
socioeconomic development affect risk of mortahty? An age-period-cohort 
analysis from a recendy transitioned population in China. Am J Epidemiol 171: 
345-356. 

35. Wong lO, Cowling BJ, Law SC, Mang OW, Schooling CM, et al. (2010) 
Understanding socio-historical imprint on cancer risk by age-period-cohort 
decomposition in Hong Kong. J Epidemiol Community Health 64:596—603. 

36. Tse GM, Lee JC (2000) A 12-month review of autopsies performed at a 
univcrsity-affihated teaching hospital in Hong Kong. Hong Kong Med J 6: 190— 
194. 

37. Donnan SPB (1988) Alcohol — Is there or wiU there be drinking problem in 
Hong Kong? Hong Kong Med J 41: 16-17. 

38. KimJH, Lee S, Chow J, Lau J, Tsang A, et al. (2008) Prevalence and the factors 
associated with binge drinking, alcohol abuse, and alcohol dependence: a 
population-based study of Chinese adults in Hong Kong. Alcohol Alcohol 43: 
360-70. 

39. Chung VCH, Yip HKB, Griffitiis SM, Chung VCH, Yip BHK, et al. (2013) The 
Im];)act ol C^utting Alcohol Duties on Drinking Patterns in Hong Kong. Alcohol 

and Alcoholism 48:720-8. 

40. Pitkanen T, Ly^'ra AL, Pulkkinen L (2005) Age of onset of drinking and the use 
of alcohol in adulthood: a follow-up study from age 8^2 for females and males. 
Addiction 100: 652-61. 



PLCS ONE I www.plosone.org 



8 



August 2014 I Volume 9 | Issue 8 | e99906 



Alcohol Tax Policy and Related Mortality 



Chou SP, Pickering RP ( 1 992) Early onset of drinlcing as a risk factor for lifetime 
alcohol-related problems. Br J Addict 87: 1199-204. 

Kohn C, Saleheen H, Borrup K, Rogers S, Lapidus G (2014) Correlates of drug 
use and driving among undergraduate college students. Traffic Inj Prev 15:1 19— 
24, 

Siliquini R, Bert F, Alonso F, Berchialla P, Colombo A, et al. (201 1) Correlation 
between driving-related skill and alcohol use in yomrg-adults from six European 
countries: the TEN-D by N^ht Project. BMC Public Health 11:526. 



44. Young B (1996) The First Joint Scientilic Meeting of Hong Kong College of 
Paediatricians and Guangdong Pediatric Society of the Chinese Medical 
Association. HKJ Paediatr (new series) 1: 207-220. 

45. Hong Kong Transport Department. FigureAl— Trend of Road Traffic 
Accidents (1953-2010). Available: http://www.td.gov.hk/en/road_safety/ 
road_traffic_accident_statistics/ accident_trend_since_1953/index.html. Ac- 
cessed 2013 May 30. 



PLOS ONE I www.plosone.org 



9 



August 2014 I Volume 9 | Issue 8 | e99906 



